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AN  INTERCOMPARISON  OF  RADIOSONDE  AND  SATELLITE-DERIVED  CROSS  SECTIONS  DURING  THE  AMTEX 

W.C.  Shen,  W.L.  Smith,  and  H.M.  Woolf 
National  Environmental  Satellite  Service,  NOAA,  Washington,  D.C. 


ABSTRACT.  A  comparison  is  made  between  zonal  cross-sections  of 

meteorological  parameters  obtained  from  Nimbus-5  radiance  measur-  i 

ments  and  those  observed  by  radiosondes  during  the  Air  Mass  Trans- 
formation Experiment  (AMTEX)  during  February  1974.  The  results 

of  this  limited  case  study  (four  orbits  over  the  AMTEX  area)  show: 

I 
(1)  reasonable  agreement  between  the  total  water  vapor  content  j 

derived  from  the  Nimbus-5  Infrared  Temperature  Profile  Radiometer 

(ITPR)  and  the  Nimbus-E  Microwave  Spectrometer  (NEMS)  radiance  , 

data  and  that  observed  by  radiosondes,  (2)  good  agreement  between  ] 

the  vertical  cross-section  of  temperature  derived  from  Nimbus-5  , 

radiance  data  and  vertical  cross-sections  obtained  from  radio- 
sonde temperature  observations,  and  (3)  good  agreement  between 
the  geostrophic  wind  distributions  derived  from  the  Nimbus-5  and 
radiosonde  temperature  data,  both  showing  good  correspondence  to 
the  actual  wind  observed  by  the  radiosondes.  The  variation  of 
outgoing  longwave  radiative  flux  and  the  cloud  distribution  de- 
rived from  the  ITPR  data  correspond  well  with  the  variation  of 
cloudiness  indicated  on  cloud  photographs.  These  results  indi- 
cate that  the  satellite  observations  should  be  useful  during 
the  AMTEX  in  February  1975. 


I.  INTRODUCTION 

An  Air  Mass  Transformation  Experiment  (AMTEX)  was  conducted  over  the  East  China  Sea  near 
Okinawa,  Japan,  from  Feb.  14  to  28,  1974.  The  aim  of  this  experiment  (ICSU/WMO  1973)  is  to 
increase  our  understanding  of  the  air-sea  interaction  that  occurs  during  the  modification 
of  a  cold  polar  continental  air  mass  when  it  flows  over  the  warm  ocean. 

During  the  AMTEX  observational  period,  four  orbits  of  the  Nimbus-5  satellite  were  over  the 
AMTEX  area.  Orbital  number  and  the  synoptic  situation  during  the  orbital  traverses  are  in 
table  1.   Figure  1  shows  the  Nimbus-5  orbital  tracks  and  the  locations  of  nearby  radiosonde 
stations.  Note  that  the  orbits  of  February  16,  18,  and  23  were  descending  at  night  and  the 
orbit  of  February  27  was  ascending  during  the  daytime  over  the  AMTEX  area. 


All  tables  and  figures  are  grouped  together  at  the  back  of  the  study. 


The  purpose  of  this  study  is  to  compare  meteorological  parameters  derived  from  satellite 
radiance  measurements  with  those  derived  from  the  conventional  radiosondes  to  assess  the  use- 
fulness of  satellite  observations  for  diagnosing  the  intense  weather  situation  under  study 
during  AMTEX. 

II.  DATA 

The  various  types  of  data  used  for  this  study  are  listed  in  table  2. 

Further,  one  should  indicate  the  inherent  difference  between  a  satellite  sounding  system 
and  a  conventional  radiosonde.  The  satellite  measurement  is  closely  related  to  the  mean  tem- 
perature and-total  integrated  water  vapor  of  a  volume  of  atmosphere  with  dimensions  of  sever- 
al kilometers  both  horizontally  and  vertically.  The  radiosonde  measures  the  temperature  and 
water  vapor  state  of  small  parcels  of  atmosphere.  Although  the  radiosonde  is  capable  of  ob- 
serving with  much  higher  vertical  resolution  than  is  the  remote  satellite  sounder  (meters 
compared  to  kilometers),  the  satellite  sounding  system  usually  can  achieve  much  higher  spa- 
tial resolution  and  more  meaningful  horizontal  gradients  than  those  possible  with  a  practi- 
cal radiosonde  network.  The  fact  that  the  same  instrument  observes  at  all  geographical  lo- 
cations contributes  greatly  to  the  relative  accuracy  of  the  satellite  sounding  system.  Dur- 
ing AMTEX,  a  special  network  of  ship  radiosonde  stations  made  good  horizontal  coverage  pos- 
sible with  a  conventional  radiosonde  system.  As  a  result,  radiosonde  as  well  as  satellite 
soundings  were  obtained  with  a  spacing  generally  less  than  300  km. 

III.  RESULTS 

Figures  2  through  5  show  the  distribution  of  atmospheric  water  vapor  content,  radiative 
flux  of  outgoing  longwave  radiation,  and  cloud  cover  as  derived  from  the  Nimbus-5  radiance 
measurements.  Also  shown  is  a  pictorial  image  of  the  cloud  distribution  obtained  from  the 
4-mi  (6.4  km)  resolution-scanning  Temperature  Humidity  Infrared  Radiometer  (THIR)  aboard 
Nimbus  5.  The  water  vapor,  cloud,  and  longwave  flux  quantities  were  derived  from  the  Nimbus-5 
sounding  radiance  data,  using  the  procedures  developed  by  Smith  et  al .  (1974). 

The  retrieval  of  atmospheric  water  vapor  content  from  the  infrared  radiances  observed  by 
the  Infrared  Temperature  Profile  Radiometer  (ITPR)  is  performed  in  two  steps.  First,  an  ini- 
tial estimate  of  the  mixing  ratio  is  obtained  by  application  of  regression  equations  relating 
water  vapor  mixing  ratio  to  the  radiances  observed  (a)  in  the  1 1 -ym  window,  (b)  in  three 
semitransparent  spectral  regions  of  the  15-ym  CO^  band,  and  (c)  in  the  rotational  water  vapor 
band  at  20  pm.  The  regression  relations  are  based  on  a  climatological  sample  of  radiosonde 
data  and  theoretical  calculations  of  radiance.  Second,  the  mixing  ratio  profile  then  is  ad- 
justed through  an  iterative  solution  until  the  difference  between  observed  and  calculated 
20-ym  radiances  is  reduced  to  the  nominal  instrumental  noise  level. 


The  total  atmospheric  water  vapor  content  also  is  derived  from  the  microwave  radiance  data 
from  the  Nimbus-E  Microwave  Spectrometer  (NEMS).  The  brightness  temperatures  observed  at 
22.2  and  31.4  GHz  together  with  the  ITPR-derived  surface  temperature  are  used  to  estimate 
the  total  atmospheric  absorption  by  liquid  water  and  water  vapor  in  those  channels.  The  to- 
tal water  vapor  and  liquid  water  contents  are  computed  from  a  pair  of  linear  simultaneous 
equations  involving  the  water  vapor  and  liquid  water  absorptions  at  22.2  and  31.4  GHz. 

The  total  water  vapor  contents  derived  over  the  Kuroshio  area  are  given  in  table  3.  The 
total  water  vapor  contents  derived  .from  the  microwave  sounder  and  from  the  ITPR  are  in  good 
agreement  with  those  obtained  from  the  radiosondes.  The  NEMS  total  water  vapor  contents  are 
generally  larger  then  those  of  the  ITPR  because  the  microwave  energy  penetrates  clouds  and 
the  water  vapor  content  of  clouds  is  usually  larger  than  that  of  the  surrounding  clear  air 
sampled  by  the  infrared  observations.  Note  that  the  total  water  vapor  contents  in  the  first 
3  days  (Feb.  16,  18,  and  23)  are  1  to  2  times  higher  then  the  day  after  the  cold  polar  air 
outbreak  (Feb.  27). 

As  shown  in  figures  2  through  5,  the  flux  of  outgoing  longwave  radiation  derived  from  the 
ITPR  radiance  data  has  a  large  variation  because  of  nonuniform  temperature  of  the  underlying 
surface. and  the  varying  heights  and  amounts  of  cloud.  The  low  radiation  fluxes  are  associ- 
ated with  high  dense  clouds  or  low  surface  temperatures  in  the  north.  On  Feb.  16,  1974, 
there  were  three  areas  of  low  outgoing  radiation  flux  located  near  25°N,  35°N,  and  50°N.  The 
positions  of  these  radiation  minimums  agree  with  the  frontal  cloud  systems  indicated  on  the 
National  Meteorological  Center  (NMC),  Suitland,  Md.,  operational  surface  synoptic  map  (not 
shown)  and  also  on  the  THIR  cloud  image. 

The  lowest  flux--360  ly/day--was  observed  in  the  AMTEX  area  on  February  23  just  before  the 
outbreak  of  the  cold  polar  air  mass.  This  low  flux  was  due  to  the  cloudiness  associated  with 
the  intense  cold  front  extending  from  an  active  cyclone  located  to  the  southeast  of  Japan. 
The  maximum  outgoing  radiation  flux  of  600  ly/day  observed  in  the  AMTEX  area  occurred  under 
clear-sky  conditions  on  February  16  and  18. 

The  algorithm  used  in  the  inversion  of  the  radiative  transfer  equation  to  obtain  atmos- 
pheric temperatures  from  the  Nimbus-5  radiance  measurements  is  the  multiple-channel  approach 
of  Smith  et  al .  (1974).  Infrared  radiances  from  six  channels  in  the  ITPR  and  two  channels 
of  the  SCR  (Selective  Chopper  Radiometer)  were  combined  with  microwave  brightness  tempera- 
tures observed  in  three  oxygen-absorption  channels  by  the  NEMS.  From  this  set  of  measure- 
ments covering  different  spectral  regions,  the  temperature  is  specified  for  25  levels  from 
Earth's  surface  to  the  upper  stratosphere  (0.1  mb).  The  temperature  retrieval  method  employs 
the  "minimum  information  solution"  that  minimizes  the  perturbation  of  an  initial  profile  re- 
quired to  satisfy  the  complete  set  of  outgoing  radiance  measurements  to  within  their  instru- 
mental noise  levels.  The  initial  temperature  profile  is  generated  by  regression  equations 
derived  from  a  climatological  sample  of  radiosonde  data.  Consequently,  the  Nimbus  retriev- 


al s  are  independent  of  either  contemporary  radiosonde  or  numerical  model  (forecast)  inform- 
ation. 

Figures  6  through  9  show  the  meridional  temperature  cross  sections,  plotted  from  20°N  to 
50°N  and  from  1000  mb  to  10  mb.  There  are  three  parts  in  each  figure.  Part  (A)  shows  the 
radiosonde  temperature  observations;  part  (B),  the  original  temperatures  derived  from  Nimbus  5 
(ITPR+NEMS+SCR)  radiation  measurements;  and  part  (C),  the  Nimbus-5  temperatures  after  cor- 
recting for  systematic  differences  between  the  Nimbus  and  radiosonde  level  temperatures  (i.e., 
the  removal  of  the  level  mean  error). 

The  pattern  of  the  Nimbus-5  temperatures  follows  closely  those  of  the  radiosondes.  There 
is  generally  better  correspondence  between  the  two  fields  of  temperature  gradients  than  be- 
tween their  absolute  values.  In  fact,  by  removing  the  level  mean  difference  between  the  sat- 
ellite and  radiosonde  temperatures,  good  agreement  is  obtained  between  the  satellite  and  the 
radiosonde  cross-sections. 

Perhaps  the  best  way  to  determine  how  well  the  thermal  field  derived  from  the  Nimbus  data 
describes  the  state  of  the  atmosphere  is  to  compare  the  geostrophic  wind  distribution  ob- 
tained from  it  with  the  geostrophic  wind  obtained  from  the  radiosonde  temperature  profiles 
and  with  the  true  wind  distribution  also  observed  by  the  rawinsonde.  (The  geostrophic  winds 
were  computed  assuming  zero  wind  velocity  at  the  1000-mb  level.) 

Figures  10  through  13  show  a  comparison  of  geostrophic  winds  derived  from  the  Nimbus-5 
temperatures,  the  radiosonde  temperatures,  and  the  radiosonde  winds.  (For  locations  of 
Nimbus-5  and  radiosonde  temperatures,  see  figs.  6  through  9.)  The  relatively  good  depic- 
tion of  the  wind  field  associated  with  the  jet  stream  from  the  satellite  data  confirms  the 
study  based  on  theoretical  computations  presented  by  Togstad  and  Horn  (1974).  The  latitude 
and  altitude  locations  of  the  jet  core  (wind  maximum)  from  the  satellite-derived  temperature 
profiles  appear  to  be  more  accurate  than  the  locations  indicated  by  the  radiosonde  tempera- 
ture profiles  on  3  of  the  4  days  studied,  despite  a  3-hr  time  difference  between  the  satel- 
lite and  radiosonde  observations.  Table  4  summarizes  the  major  jet  stream  features  shown 
in  figures  10  through  13. 

The  reason  for  the  higher  accuracy  of  the  satellite  data  for  locating  the  jet  core  geo- 
graphically is  probably  a  result  of  the  relatively  high  density  of  Nimbus-5  soundings  as 
compared  to  coarsely  spaced  radiosondes  along  the  suborbital  track.  The  reason  for  some- 
what better  altitude  positioning  of  the  jet  core  is  not  entirely  clear.  The  satellite- 
derived  vertical  profiles  generally  smooth  the  sharp  discontinuities  of  atmospheric  temper- 
ature observed  by  the  radiosonde  near  the  tropopause  where  the  jet  core  is  found.  Possibly, 
the  smoothing  helps  alleviate  error  amplification  caused  by  the  finite  difference  approxi- 
mation used  in  the  numerical  computation  of  the  geostrophic  wind.  In  any  case,  the  results 
shown  in  figures  10  through  13  certainly  indicate  that  the  tropopause  smoothing  inherent  in 


computing  the  satellite  profiles  has  no  adverse  effect  on  defining  the  location  of  the  jet 
core. 

Note  that,  on  February  16  and  23  (figs.  10  and  12),  both  the  satellite-  and  radiosonde- 
derived  geostrophic  winds  show  a  double  maximum  indicating  the  existence  of  two  jet  cores. 
This  is  not  verified  by  the  actual  zonal  wind  distribution;  however,  two  cirrus  cloud  streaks 
on  February  23  are  evident  in  the  THIR  photograph  and  in  the  ITPR-deduced  cloudiness  (fig.  4) 
at  the  locations  shown  in  figure  12(B).  The  cores  of  maximum  wind  are  to  the  north  of  the 
extensive  cirrus  bands  near  30°N  and  35°N  along  the  satellite  track.  Thus  the  cirrus  cloud 
streaks  and  the  thermal  winds  indicate  two  cores  of  maximum  wind  instead  of  a  single  one  as 
deduced  from  the  rawinsonde  data.  The  inability  to  diagnose  the  two  jet  cores  from  the  ra- 
winsonde  data  may  be  due  to  the  horizontal  spacing  of  the  observations  [see  figs.  1  and  8(A)]. 

IV.  CONCLUSIONS 

A  comparison  of  meteorological  parameters  derived  from  the  Nimbus-5  radiance  measurements 
with  those  of  the  radiosondes  for  4  days  during  AMTEX  has  been  made.  This  fairly  limited 
analysis  indicates: 

1.  The  total  water  vapor  contents  derived  from  the  Nimbus-5  ITPR  and  the  NEMS  are  in  fair 

agreement  with  each  other  and  with  measurements  by  radiosondes.  All  observations  show  that, 

during  the  cold  polar  air  outbreak,  the  total  water  vapor  content  over  the  Kuroshio  region 

2 
was  close  to  1  g/cm  .  Prior  to  the  cold  air  outbreak,  the  total  water  vapor  content  was 

2 
about  3  g/cm  in  the  same  region. 

2.  The  regions  of  low  outgoing  longwave  radiative  flux  correspond  well  with  the  areas  of 
deepest  convection  indicated  on  cloud  photographs. 

3.  A  good  agreement  exists  between  the  vertical  cross-sections  of  temperatures  derived 
from  the  satellite  and  from  the  radiosonde  observations. 

4.  The  geostrophic  zonal  wind  distribution  associated  with  the  jet  stream  can  be  diagnosed 
accurately  from  the  satellite  temperature  retrieval  data.  (The  Nimbus-5  geostrophic  zonal 
wind  appears  to  have  somewhat  better  correspondence  with  the  actual  zonal  wind  distribution 
than  that  derived  from  radiosonde  temperature  data,  possibly  because  of  the  differences  in 
observation  density.)  The  inherent  smoothing  of  the  vertical  temperature  curve  that  occurs 
in  the  tropopause  region  does  not  seem  to  degrade  the  satellite-inferred  geostrophic  winds 
near  the  jet  core. 
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Table  1. --Orbital  number  and  the  synoptic  situation 


Feb.  1974    Orbit    Time  (UT)*  Synoptic  situation 

16  5804    1509-1517    Weak  monsoon  and  warm  weather.  A  cold  front 

passed  through  the  AMTEX  area  at  1200  Z. 

18  5830    1525-1534    Weak  monsoon.  A  migratory  anticyclone  centered 

over  the  Sea  of  Japan. 

23  5897         1512-1521         Weak  monsoon.     An  intense  cold  front  passed 

through  the  AMTEX  area   between  0600  Z  and 
1200  Z.     A  strong  anticyclone,   however,   built 
up  over  Siberia;   the  anticyclone  was  ready  to 
sweep  over  China . 

27  5944         0242-0251         An  open  and  closed  cell    cumulus  convection  was 

observed  in  the  AMTEX  area  after  a  polar  air 
outbreak. 


* 


Universal  Time  (UT)  is  equivalent  to  Z  or  Greenwich  Meridian  Time  (GMT). 
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Table  2. --Data  sources 


Nimbus-5  satellite  radiances 

ITPR  (Infrared  Temperature  Profile  Radiometer) 

NEMS  ( Nimbus- E  Microwave  Spectrometer) 

SCR  (Selective  Chopper  Radiometer) 

THIR  (Temperature  Humidity  Infrared  Radiometer) 

Conventional 

Ten-day  mean  sea  surface  temperatures 

Surface  observations  (pressure,  temperature,  humidity,  clouds) 
Radiosonde  (pressure,  temperature,  dew-point  depression,  wind) 
National  Meteorological  Center  (NMC)  objective  analyses 


2 
Table  3. --Total  water  vapor  content  (g/cm  )  over  the  Kuroshio 

region 


Feb.  1974       Synoptic  condition      NEMS    ITPR    RAOB^ 


16 

Quiet  period 

2.9 

2.6 

2.8 

18 

Quiet  period 

2.6 

1.9 

2.3 

23 

Prior  to  polar  air  outbreak 

3.5 

2.2 

2.9 

27 

After  polar  air  outbreak 

1.3 

1.4 

1.0 

* 
Radiosonde  Observation 


Table  4. --Major  features  of  the  observed  (true),  radiosonde  derived  (geostrophic) ,  and 
satellite  derived  (geostrophic)  zonal  wind  distributions* 

Altitude  of  max  wind  (mb)    Latitude  of  max  wind  (°)    Intensity  (m/s) 

Feb.  1974       Obs   Sat   RAOB  Obs   Sat   RAOB       Obs   Sat  RAOB 

16 
18 
23 
27 

* 
Obs  is  observed;  Sat,  satellite;  and  max,  maximum. 
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Figure  1 .--Geographical    locations  of  radiosonde  and  Nimbus-5  soundings 


THIR   IMAGE 
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Figure  2. --Distribution  of  cloud  amount,  cloud  height,  water  vapor  content  (g/cm  ),  and 
outgoing  longwave  flux  (ly/day)  derived  from  the  Nimbus-5  radiance  measurements  along 
the  orbital   track  for  Feb.   16,   1974 
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Figure  3.— Same  as  figure  2     except  this   is  for  Feb.    18,   1974 
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Figure  4. --Same  as  figure  2     except  this  is  for  Feb.   23,  1974 
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Figure  5. --Same  as   figure  2     except  this   is   for  Feb.   27,   1974 
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